Background: In order to be widely accepted by users, the implementation of a new health intervention requires them to be adequately informed about its clinical importance, benefits and risks. The aim of this study was to provide data on the knowledge of Italian adolescents and parents concerning human papillomavirus (HPV) infection and its prevention in order to allow the development of adequate training programmes.
Background
Persistent infection with high-risk human papillomavirus (HPV) can cause cancers of the cervix and other genital sites, anus, oral cavity and oropharynx, and possibly the larynx and skin [1] [2] [3] [4] [5] [6] .
In March 2008, the Italian Ministry of Health suggested to the Vaccine Committee of the Regions to start an active, free vaccination campaign against HPV as cause of cervical cancer aimed at 12-year old girls in line with the guidelines of a number of other industrialised countries [7, 8] . The choice of this age was based on findings that HPV infection is almost exclusively due to sexual contact, that a large proportion of subjects are first infected during adolescence or early adulthood [9, 10] , and that the immune response to HPV vaccination is higher in younger subjects [11] . Moreover, the available vaccines against HPV types 16 and 18 (i.e. those associated with the highest risk of cancer) have no therapeutic effect against already established infection and HPV-associated diseases [12] . However, HPV vaccination is also indicated in older teenagers who have not yet (or have only just) started sexual activity, and might even be considered in women aged more than 25 years [11, 13, 14] . This explains why some Italian Regions, although maintained cervical cancer prevention as the primary purpose of prevention programme, extended the free vaccination campaign to young people aged 15 or 16 years, and others are offering older teenagers a discount on the price of HPV vaccination.
In order to be widely accepted by users, the implementation of a new health intervention requires them to be adequately informed about its clinical importance, benefits and risks. HPV vaccination is more complex than other health initiatives because the targets are young, decisions are generally made by their parents, and may not be based on reliable information. Moreover, even when younger subjects are still being followed by pediatricians, the physicians may be poorly informed about HPV-related diseases because most of these occur in adulthood [15] . In order to be successful, HPV vaccination programmes therefore need to educate not only the targets, but also their parents and healthcare providers.
This means previously acquiring adequate information concerning the knowledge and attitudes of the different subjects involved. A number of investigations carried out in different parts of the world have shown that such subjects are inadequately aware of the problem [15] [16] [17] [18] [19] [20] [21] [22] , although most of the surveys of adults' knowledge of HPV did not focus on their parental role. Furthermore, little information is available concerning Italian teenagers' and parents' knowledge of, and attitude towards HPV infection and its prevention [18, 19] . Considering the importance of communication and educational material in improving vaccination coverage [23] [24] [25] [26] , the aim of this study of a large number of high school students and parents of middle and high school students was to provide some of the basic data necessary for the development of adequate training programs.
Methods
Between 2 May and 15 June 2008, we carried out a crosssectional survey of high school students and parents of middle and high school students in order to verify their knowledge of HPV infection and HPV-related diseases, and their attitudes to vaccinations (particularly HPV vaccine).
The survey involved two middle schools in Milan (one private and one state run), five high schools specialising in classical, linguistic or scientific studies (two private and three state run) in the greater Milan area and Varese, and one state-run technical school in Milan. The schools were a convenience sample chosen on the basis of contacts of the authors of this paper with school boards. We varied the type of schools included in the investigation in order to obtain a composite distribution of subjects reflecting the characteristics of the baseline population, with specific reference to age of the students and educational level of the parents. S.E. and N.P. had repeated contacts with boards of each school before the distribution of the questionnaires in order to assure the best compliance of teachers to the survey. After the study had been approved by the Ethics Committee of Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy, and the boards of each school, all of the students attending the high schools were given three questionnaires: one for the student and one for each parent. Because of the age of the students attending the middle schools (10-13 years), school boards decided that only their parents had to complete a questionnaire.
The students' and parents' questionnaires were designed to collect information concerning the compilers' knowledge of HPV infection and their attitudes to vaccination. Both were to be anonymously self-completed (at home), and were accompanied by a formal letter describing the aims of the study and explaining how to complete the questionnaires. The same information was also given orally when the questionnaires were given to the students.
The questionnaires, that were prepared by a multidisciplinary group including pediatricians (SE, NP) and epidemiologists (CP, CG), were pilot-tested on a convenience sample of adolescents and parents attending the outpatient clinic of the Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico in Milan in order to ensure clarity and ease of administration. The student questionnaire [Additional file 1] had four sections covering: 1) demographic and socio-economic characteristics such as age, race, religion, number of siblings, and the education and occupation of the parents; 2) HPV infection (its perceived dangerousness and modes of transmission) and vaccination (including preventable diseases, age at vaccination, and favourite source of vaccine information); 3) their willingness to be vaccinated against HPV; and 4) their sexual activity and attitudes to discussing sexual health issues. The parent questionnaire [Additional file 2] had five sections covering: 1) demographic and socioeconomic characteristics such as age, race, religion, number and age of children, education and occupation, and family history of cancer; 2) attitudes towards vaccinations in general; 3) HPV infection and HPV vaccination; 4) their willingness to have their children vaccinated against HPV; and 5) their attitudes to discussing sexual health issues with their children and informing them about HPV infection and vaccination. The items for students were presented in an easier way, but covered aspects similar to that asked to the parents.
The students had to return the questionnaires to their teachers within a week of their distribution, and the completed questionnaires were collected from the schools by members of the research team.
The responses were analysed by means of descriptive statistics. In the case of categorical data, the gender groups (mothers vs fathers among parents and females vs males among students) were compared using the χ 2 or Fisher's exact test as appropriate. All of the analyses were two tailed, and p values of 0.05 or less were considered significant. Odds ratios (OR) and 95% confidence intervals (CI) were calculated in order to measure the associations between selected factors chosen on the basis of literature review and the parents' propensity to have their children vaccinated against HPV, or the students' propensity to undergo HPV vaccination themselves. The ORs were obtained by means of unconditional multiple logistic regression adjusted for: 1) age, education, gender and religion of the parents, and age and gender of their children in the case of the parents' data; or 2) age and religion of the student and education of the parents in the case of the students' data. All of the analyses were made using SAS version 9.1 (Cary, NC, USA).
Results and discussion
A total of 3,026 questionnaires were distributed to parents (1,520 to mothers and 1,506 to fathers), 2,331 (77.0%) of which were returned with more than 70% of the questions answered. The students received a total of 1,092 questionnaires (691 given to females and 401 to males), 863 (79.0%) of which were returned with more than 70% of the questions answered. There was no difference in the response rates of the mothers and fathers, whereas female students answered significantly more frequently than male students (93.9% vs 52.1%; p < 0.0001). There was also no significant difference in response rates and data obtained in the different schools. Table 1 shows the distribution of the 2,331 parents who participated in the survey on the basis of selected sociodemographic characteristics. Fathers were older than mothers: respectively 44% and 23% were aged 50 years. Forty-one percent of the parents had a university degree. Twenty-three percent had only one child, 56% two children, and 21% three or more; 11% had at least one child aged <12 years, while the modal age of their children was 16-17 years (32%). Most of the parents had at least one daughter involved in the survey (72%). Table 2 shows the distribution of the 863 students participating in the survey on the basis of selected sociodemographic characteristics. Age distribution was similar among the males and females: the age range was 14-20 years, and the mean age 16.1 years. Most had only one sibling (55%), or were the only child in the family (22%). Table 3 shows the distribution of the parents' and students' answers concerning their personal knowledge of HPV infection and vaccination, by gender. Mothers had ever heard of HPV more frequently than fathers (91% vs 77%; p < 0.001) and, among the parents who were aware of HPV, the mothers were also more often aware of the dangerousness of the virus (92% vs 88%; p = 0.004) and more informed as to how it is transmitted (94% vs 91%; p = 0.02). Similarly, a higher proportion of female (72%) than male students (51%; p < 0.001) had ever heard of HPV but, among those who were aware of HPV, there was no significant gender-related difference in its perceived dangerousness (about 90% in both sexes) or how it is transmitted (90% vs 92%). With reference to their knowledge of HPV vaccination, 90% of the mothers and 87% of the fathers knew that HPV vaccine is aimed at preventing cervical cancer (p = 0.02); the corresponding figures for the female and male students were 75% and 63% (p = 0.008). About 75% of the mothers, fathers and female students knew that the vaccination should be given before sexual activity begins; this decreased to 67% of the male students, although the between-gender difference among the students was not significant. Table 4 shows the attitudes of the parents and students to vaccination (only the parents were asked questions about vaccinations in general: i.e. not specific to HPV). Both mothers (92%) and fathers (93%) were generally in favour of vaccinations. When asked which recommendations were more important when deciding whether to have their children vaccinate, they more frequently indicated the Ministry of Health (about 48% of both mother and fathers), pediatricians (50% of mothers, 43% of fathers, p = 0.001) and other physicians (28% of mothers, 24% of fathers). The mothers were more aware than the fathers that HPV infection could affect their children (58% vs 53%, p = 0.004) and were more in favour of them being vaccinated (68% vs 65%; p = 0.03). When these last two questions were answered by the students, 45% of females and 26% of males were aware that HPV infection could concern themselves (p < 0.001), and 68% of females and 40% of males said they would undergo HPV vaccination (p < 0.001). Table 5 shows the associations among the parents between selected factors and their attitude to HPV vaccination for their children. There was no significant association between the propensity to have their children vaccinated and the age, gender or education of the parent, or the age of their children. The parents professing a religion other than Catholicism or who were atheists were less in favour of HPV vaccination for their children (OR = 0.61, 95% CI 0.46-0.82, compared with Catholics). Significant associations with a propensity to have their children vaccinated also included the gender of the offspring (OR = 1.88, 95% CI 1.53-2.30, having at least one daughter), a propensity to vaccinations in general (OR = 23.1, 95% CI 13.7-38.8), a knowledge that HPV vaccine is aimed at preventing cervical cancer (OR = 2.31, 95% CI 1.69-3.16), and an awareness that HPV could affect their own children (OR = 3.52, 95% CI 2.89-4.29). Table 6 shows the associations among students, by gender. The age and religion of the student, and the educational level of their parents were not associated with a propensity to HPV vaccination in either the male or female students. The students who were aware that HPV infection could affect themselves were more in favour of to HPV vaccination, regardless of whether they were male (OR = 5.73, 95% CI 2.85-11.5) or female (OR = 2.39, 95% CI 1.66-3.46). The female students who declared they had a boyfriend (OR = 0.67, 95% CI 0.47-0.97) and had already experienced sexual intercourse (OR = 0.68, 95% CI 0.44-1.03) were less in favour of HPV vaccination, whereas these factors were not associated with the propensity to undergo vaccination among the male students. There was no significant association with a knowledge that HPV vaccine is aimed at preventing cervical cancer. This study of an upper-middle class population in the greater Milan area, Northern Italy, found that teenagers and parents still have a number of gaps in their knowledge of HPV infection and its prevention by means of vaccination. In particular, they seemed to underestimate the likelihood of HPV infection and were therefore less likely to see HPV vaccination favourably. This is an important indication for future family HPV training programmes designed to increase the acceptance of HPV vaccination.
Most of the parents were aware of HPV and correctly answered a number of questions about it. This might be at least partially explained by their higher education level in Northern Italy in comparison with the general Italian population [27] . There are relatively few other studies of parents, most of which have found a lower level of knowledge of HPV infection. A previous Italian study performed in Southern Italy found that 54% of the mothers of daughters aged 10-12 years had ever heard of HPV [19] , and the corresponding figure in a school-based survey conducted in four areas of England was only 26% [28] . However, a US (North Carolina) study reported findings close to ours, with an 83% awareness of HPV among caregivers (mostly parents) and a 69% average of correct answers to questions about it [29] .
Nevertheless, a proportion of our parents still need to be better informed about HPV-related health topics. The facts that parents, who are key decision makers in the uptake of this vaccine, are still hesitant to have their daughters receive HPV vaccine, and that strategies to ensure optimal HPV vaccine uptake need to be employed have been recently reported in a population-based evaluation in British Columbia, Canada [30] . In our study, this was especially true for the fathers, whose overall knowledge of HPV (including awareness of HPV infection and its dangerousness, despite in some cases these differences were marginal and not clinically relevant) was significantly less than that of the mothers. Once again, our findings were comparable with those of the North Carolina investigation, which found that only 54% of male caregivers knew about HPV as against 84% of female caregivers [29] . Our findings indicate that interventions aimed at increasing knowledge of HPV should involve the fathers of young children, not least because any health procedure in pediatric subjects must be authorised by both parents in Italy. Among the students, about 70% of the females and 50% of the males had ever heard of HPV, and about 75% of the former and 66% of the latter know about the aim and mode of HPV vaccination. The data from other studies are mixed [18, [31] [32] [33] [34] . A cross sectional study of females aged 14-24 years carried out in Southern Italy found that only 30% had ever heard of HPV infection [18] , and that the proportion of women who were aware that HPV vaccination is aimed at preventing cervical cancer was also low [18] . In a recent Swedish survey [35] , only 5% of the first-year high students of both sexes were aware of HPV, whereas a 1999 study of US university students found that 37% of the respondents had ever heard of it [36] .
However, although our findings indicated a better knowledge of HPV among students, it is of concern that only 45% of the female teenagers perceived themselves at risk of HPV infection. This might be explained by a lack of awareness of the high prevalence of HPV infection [9, 35] , as has been previously found in other studies [37, 38] . Furthermore, in addition to having less knowledge of HPV, a large proportion of the male students thought that it did not concern them. This is maybe not surprising as HPV infection and vaccination have almost 3 As multiple answers were allowed, each was considered a dichotomous variable (yes/no); the numbers do not add up to the total because infrequent answers are not included.
exclusively been publicised in relation to the prevention of cervical cancer, and it is still being discussed whether males should also be vaccinated [39, 40] . Teenagers of both sexes therefore need further information. We found that the attitude of both parents to vaccinations was very positive, not only because the overwhelming majority were in favour of vaccination in general, but also because about two-thirds said they were in favour of a new vaccination against HPV, even though complete data on the vaccine are not yet available. Fewer than 7% of the parents declared they were certainly against the vaccination, and similarly encouraging results were found among the female students. It is interesting to note that 47% of the parents named pediatricians as their preferred counsellor in the case of decisions concerning vaccinations, and 65% of those with children aged aged <12 years. The recommendation of other physicians (mainly family doctors) was important for 26%, and so these might also play a major role in decision making. In agreement with previous studies [41] [42] [43] [44] [45] , these data suggest that programmes aimed at increasing vaccination coverage should also involve pediatricians or family physicians depending on the age of the target.
Another finding was that parents consider the indications of the Ministry of Health (48%) rather than Regional institutions (about 3%) as a reference for decision making. This highlights the fact that the general population does not realise that recommendations concerning vaccines (and the availability of free vaccinations) is determined not centrally but at Regional level in Italy. CI, confidence interval; OR = odds ratio. 1 The numbers of subjects are not the same as in Table 4 because those with missing information relating to one or more of the socio-demographic covariates in the models (n = 187; 8% of the total) were excluded. 2 ORs from multivariate logistic regression models, adjusted for age, education, gender and religion of parent, and age and gender of the child. 3 The numbers do not add up to the total because of missing answers. CI = confidence interval; OR = odds ratio. 1 The numbers of subjects are not the same as in Table 4 because those with missing information relating to one or more of the socio-demographic covariates in the models (n = 35; 4% of the total) were excluded. 2 ORs from multivariate logistic regression models, adjusted for age and religion of child, and education of parents. 3 The numbers do not add up to the total because of missing answers.
The main factors associated with the parents' propensity to accept HPV vaccination were: 1) having at least one daughter; 2) being in favour of vaccinations in general; 3) knowing that the vaccine is aimed at preventing cervical cancer; and 4) being aware that their children could be infected by HPV (this association was particularly strong). As also found by other studies [46] [47] [48] [49] , there was also a positive association between the perceived likelihood of HPV infection and the propensity of both male and female students to undergo vaccination [46] [47] [48] [49] . This supports that the first target for the success of HPV vaccination campaign should be to increase adolescents' and parents' knowledge on this topic, particularly underlining the frequency of HPV. Although the association was not statistically significant, our findings also indicated that mothers were more likely to favour having their children vaccinated than fathers. When all of these analyses were limited to the parents of daughters alone, the results were substantially the same.
In addition to their awareness of possible HPV infection, a few other factors were also associated with the propensity of students to undergo vaccination. In particular, having a boyfriend or having already had sexual intercourse were associated with a decreased propensity among female students, possibly because of the high proportion who knew the vaccination should be given before the start of sexual activity. However, this highlights the need for a training programme focused on the epidemiology of HPV infection in different age groups and the risk factors associated with acquiring it, in order to show that vaccination can also be useful even after the beginning of sexual activity provided that the infection has not already been acquired.
The limitations of this study include the fact that our sample was not representative of the general Italian population, recruitment was limited to one Italian Region, a convenience sample of schools was selected and mainly upper-middle class population was included. Though the proportion of respondents to the survey was satisfactorily high, those with higher knowledge and interested by HPV-related health problems were more likely to participate in the study. These considerations are reflected by the high level of education of parents (i.e., about 40% had a university degree, as compared to 24% in the general Milan population [50] ) and larger number of female than male students participating to the survey. However, when we corrected our results for educational level of the parents using post-stratification weights [51] , the major findings were only marginally different (e.g., the corrected proportion of mothers and fathers who had ever heard of HPV were 88% and 75%, respectively). In addition, we could not obtain information from middle school children (i.e. those aged 10-13 years) because their school boards considered them to be too young. On the contrary, the major strengths of the study are its large size, the availability of concurrent information from both parents and children, and the inclusion of both male and female subjects.
Conclusions
In conclusion, our data highlight the fact that a better understanding of HPV infection and the possibility of preventing cancer by means of HPV vaccination could increase the acceptance of vaccination by both students and parents. This underlines the need to plan adequate educational programs. Moreover, as physicians (both pediatricians and family physicians) can play a critical role in counseling, their knowledge of HPV infection and its prevention should also be evaluated and improved if necessary.
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